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Sperm enter Tylorrhynchus eggs after perivitelline space formation caused. by 
pronase treatment. In the pronase-treated eggs, elongated microvilli traverse 
not only the perivitelline space (10-20 p,m wide) but also the chorion (1-1.5 p,m 
thick) as in the untreated €:ggs. Immediately after insemination, numerous 
spermatozoa attach to the chorion, which consists of four layers. Sucker-
like acrosomal processes penetrate the 1st and the 2nd layers of the chorion and 
adhere to the outside of the 3rd layer. Spermatozoa do not penetrate the 3rd 
and the 4th layers by themselves. The contact of a sperm acrosomal process 
with an egg microvillus seems to be a key step for sperm entry into the egg. 
The nucleus of the fertilizing spermatozoon is incorporated into the egg proper 
by way of a cytoplasmic bridge, which seems to develop from the microvillus. 
Eggs of animals such as sea urchin and frog are well-known to form a wide 
perivitelline space (PVS) soon after fertilization or artificial parthenogenetic activa-
tion. Spermatozoa can not enter the eggs after the PVS formation because the 
elevated egg envelopes block passage of the spermatozoa (cf. GINZBURG, 1968; 
GREY, et al., 1976). In some annelids, however, the PVS formation does not 
seem to cause prevention of sperm entry. When unfertilized eggs of Tylorrhynchus 
heteroahaetus are treated with pronase and then transferred to ordinary seawater, 
they form a wide PVS. These eggs are still fertilizable and exhibit developmental 
events, such as miosis, ooplasmic segregation and cleavage, after insemination 
(OSANAI and SATO, 1981). A PVS is also formed in Tylorrhynahus and Nereis3> eggs 
treated with urea, ammonia or salicylic acid (YAMADA, 1954a, b) and in Urechis 
eggs treated with trypsin (PAUL, 1975). These eggs also initiate development after 
insemination. It has seemed that sperm can enter these eggs in spite of the presence 
of a PVS. The present study was conducted to ascertain how sperm enter the 
Tylorrhynchus eggs after the PVS formation, since it seemed to give a clue to 
research on the normal fertilization process. 
1) Contribution from the Marine Biological Station, TOhoku University, No. 456 
2) {ici!iii£!11\, Jli:F'lfll!i'il 
3) N ereis japonWa. IMAJIMA (1972) amended the name of this species to N eanthes japonica. 
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MATERIALS AND ME'fHODS 
Materials used were the Japanese Palolo, Tylorrhynchus heterochaetus 
(QUATREFAGES), brackish-water polychaete, collected in Natori, Miyagi Prefecture. 
Procedures for maintenance of adults and for obtaining and handling gametes 
were described previously (OSANAI, 1976, 1978; 0SANAI and SATO, 1981). The 
observations were carried out at room temperature (8-15°0}. 
Eggs with a PVS were prepared as follows : The unfertilized eggs were treated 
with 0.01- 0.025% pronase (Kaken Chemical Co.) in 30% seawater1 > for 10 minutes. 
The eggs were then washed in 30% seawater several times and transferred to 
ordinary seawater in which they were allowed to form a PVS. These eggs were 
left in ordinary seawater for 30-60 minutes until they all completed the PVS forma-
tion, and then inseminated one by one and observed under a standard light micro-
scope and a N OMARSKI interference contrast microscope. 
The treated eggs with a PVS before and after insemination and intact 
unfertilized (control) eggs were :fixed with 2% glutaraldehyde in ordinary seawater 
for several days at 2°C. The eggs were then rinsed in ordinary seawater. For 
t ransmission electron microscopy, the specimens were post:fixed with 1% Os04 in 
ordinary seawater for 1 hour at 2°C and then dehydrated in ethanol and embedded 
in Epon 812. Sections were stained with uranyl acetate and lead citrate and 
examined with a JEM-8 electron microscope (Japan Electron Optics Laboratory). 
For scanning electron microscopy, the eggs were postfixed with 3% KMn04 in 
ordinary seawater for 1 hour at room temperature. The specimens were then 
dehydrated in ethanol and dried with a critical point dryer (Hitachi HCP- 1). To 
examine the inside of the PVS, the chorions were stripped from the eggs with 
adhesive tape. The stripped chorions and the denuded eggs were coated with gold 
and examined with a Mini-SEM 4 (Hitachi-Akashi). 
RESULTS 
P1·ocess of sperm entry into the pronase-t1·eated eggs with a PVS 
When the eggs pretreated with pronase were transferred to ordinary seawater, 
they secreted jelly and formed a wide PVS (10-20 p,m wide) within 30 minutes (Fig. 
1b ). F Jllowing in;~mi111tion after the PVS formation, most of them were fertiliz-
ed and initiated development though they developed into abnormal embryos 
(Fig. lc). 
The process of sperm entry into the egg with a PVS is shown in Fig. 2. Im-
mediately after insemination, numerous spermatozoa attached to the chorion, 
but they did not pass through it (Fig. 2a). A t hin cytoplasmic bridge 
became visible in the PVS, linking a spermatozoon on the chorion to the egg proper 
about 30 minutes after insemination (Fig. 2b). The bridge enlarged gradually (Fig. 
1) 30% seawater is nearly isotonic with the eggs (OKADA, 1952). 
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Fig. l. Fertilization after the PVS formation caused by pronase-treat 1nent in Tylorrhynchus 
eggs . When t he unfertilized eggs preserved in 30% seawater (a) were treated with 0.01-
0.025% pronase in 30% seawater for 10 min. and then transferred to ordinary 
seawater, they formed a wide PVS within 30 min. (b). Following insemination, 
these eggs were fertilized and initiated development (c : 24 hours after insemination). 
x ll5. 
2c, d). About l hour after insemination, the sperm nucleus migrated into the 
egg proper by way of the bridge (Fig. 2e, f, g), which became thinner and invisible 
after the completion of the nuclear migration (Fig. 2h). 
Suc~essively, electron microscopic observations were carried out to ascertain 
whether there is a precursor for the cytoplasmic bridge in the PVS before m-
semination and ho\·V spermatozoa react on the chorion. 
Fine stnwtu1·e of su1jace region of the eggs before insemination 
The chorion (1-1.5 ,um thick) of the intact unfertilized eggs consisted of four 
layers (Fig. 3). The lst layer (the outermost layer) was composed of packed fibrous 
material. The 2nd layer was composed of loose fibrous material. The 3rd layer 
was a thin electron-dense layer. The 4th layer (the innermost layer) was 
the thickest and composed of tight material with many holes opening on the inside. 
Microvilli proj ected from the egg cortex through all layers of the chorion. 
The ultrastructure of the chorion of the treated eggs was similar to that of the 
untreated eggs except the 2nd layer, which was indistinct in the former (Fig. 4b, c). 
Microvilli traversed the chorion as in the untreated eggs. They were also found 
in section in the PVS. The PVS was filled with fibrous material. 
Numerous fine threads connecting the chorion and the egg proper were 
distinguished in the PVS of the living eggs (Fig. 4a). By further examination of 
the inside of the PVS with scanning electron microscopy, long microvilli were found 
both on the denuded egg surface and on the inner surface of the stripped chorion 
(Fig. 5). 
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Fig. 2. The process of sperm entry into the pronase-treated egg with a PVS . The treated 
egg was incubated in ordinary seawater for 30 min and inseminated after completion of 
the PVS formation. a: 20 min after insemination; many spermatozoa attached to the 
chorion (ch ). b : 40 min; a thin cytoplasmic bridge linking a spermatozoon on the 
chorion to the egg proper became visible in t he PVS. c: 50 min ; the bridge enlarged 
gradually. d: 53 min. e,f,g: The sperm nucleus migrated into t he egg proper by 
way of t he bridge. e: 62 min. f : 72 min. g: 74 min. h: 81 min; the bridge became 
thinner and invisible. Arrows point the nucleus of t he fertiliz ing spermatozoon. x 500. 
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Fig. 3. Transmission electron micrographs of the intact unfertilized egg. The chorion 
consisted of four layers, i.e., the 1st (1), t he 2nd (2), t he 3rd (3) a nd the 4tl~ htyer (4) : 
Microvilli (mv) projected t hrough a ll layers of t he chorion. There were cort1cal alveoli 
(ca) in t he cortex . a.: x l7300. b: x 44600. 
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Fig. 4. Fine structure of surface region of the pronase-treated eggs with a PVS. 
a: NoMARSKI light micrograph showing numerous fine t hreads (ft ) connecting t he 
chorion (ch) and t he egg proper. X 590. b, c : Transmission electron micrographs. 
Micmvilli (rnv) t raversed t he chorion as in the untreat ed egg (Fig. 3). They were a lso 
found in section in the PVS (pvs). b: X l7200. c : x l 9600. 
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Fig. 5 . Scanning electron micrographs showing the inside of a PVS of the pronase-treated 
egg. Long microvilli were found both on the denuded egg surface (a ) and on the Inner 
surface of t he stripped ch01·ion (b). X 690U. 
Sperm reaction on the chorion 
Fine structural changes of spermatozoa on the chorion were observed with a 
transmission electron microscope. The sperm head before acrosom al reaction was 
cy lindrical with a round top (Fig. 6a). The acrosomal vesicle was situated in 
front of the nucleus and contained electron-dense material. 
When spermatozoa were mixed with the t reated eggs, they attached to the 
chorion, undergoing the acrosomal reaction; the acrosomal vesicle opened up and the 
sucker-like acrosomal process (less than 0.5 ,um long and 0.5- 1 ,um thick at its 
tip) was formed from the inner acrosomal membrane (Fig. 6b). The broad tip of 
the process penetrated the 1st and t he 2nd layers of the chorion and adhered to 
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Fig. 6. T ransmission electron micrographs showing sperm reaction on t he chorion. a: A 
spermatozoon before t he acrosomal reaction. v, acrosomal vesicle ; n , nucleus; c, 
centrioles; m , mitochondrion ; t, tail. x 22800. b : A spermatozoon which at tached 
to the chorion, undergoing the acrosomal reaction. The sucker-like acrosomal process 
(ap) penet rated the l st and t he 2nd layers of the chorion and adhered to the 3rd layer. 
x 35000. 
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the outside of the 3rd layer. 
the 4th layers of the chorion. 
chorion of the untreated eggs. 
The acrosomal process did not penetrate the 3rd and 
The same reaction of spermatozoa was seen on the 
DISCUSSION 
Our results demonstrate that sperm evidently enter the pronase-treated eggs 
and sperm passage through the chorion and the PVS of the eggs is due to the func-
tion of an egg cytoplasmic bridge. Tylon-ltynchus spermatozoa can not pass 
through the egg envelope (chorion) by themselves and the nucleus of the fertilizing 
spermatozoon migrates into the egg proper by way of a cytoplasmic bridge which 
develops linking the spermatozoon on the chorion to the egg proper. These facts 
suggest that the formation of a cytoplasmic bridge is essential for sperm passage 
through the chorion and the PVS. The appearence and the function of the cyto-
plasmic bridge in this case are very similar to those of the penetration cone 
(fertilization cone) observed in normal ferti lization of Nereis (LILLIE, 1912), 
Urechis (GOLD-SOMERO, et al., 1977) ancl Necmthes eggs (SATO, unpublished observa-
tion). In contrast to our results, spermatozoa pass through the egg envelope by 
exerting a lytic effect and cross the PVS prior to contact with the egg proper in 
mammalian fertilization (Pm:o, 1969). The ability of r:,perm to pass through the 
egg envelope of unfertilized eggs is also known in a polychaete (CoL wiN, et ctl., 1957; 
CoLWIN and CoLWIN, 1960a, b) and an amphibian (GREY, et at., 1976). 
\Ve Rought to determine how the cytoplasmic bridge was formed in the PVS 
of the pronase-treated eggs. Under a NoMARSKI microscope, we found numerous 
fine threads connecting the chorion and the egg proper in the PVS before 
insemination. By electron microscope observation, the threads were ascertained 
to be elongated microvilli traversing not only the PVS but also the chorion as in 
the untreated eggs. The egg plasma membrane still extends to the out-side 
of the chorion after the PVS formation . On the other hand, the acrosomal 
process of spermatozoa penetrates the 1st and the 2nd layers of the chorion, but 
does not penetrate the 3rd and the 4th layers. These observations suggest that 
the contact of a sperm acrosomal process with an egg microvillus is a key step for 
sperm entry into the treated eggs (probably also into the untreated eggs) and the 
microvillus enlarges to develop into a cytoplasmic bridge. 
Our results provide a convincing working hypothesis for our effort to under-
stand the normal fertilization process of Tylon·hynchus eggs. Further observations 
are necessa.ry to ascertain the possibili ty that an egg microvillus fuses with a sperm 
acrosomal process and develops into a pathway for the sperm nuclear migration 
in normal fertilization. 
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